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INTRODUCTION 


The  Commanders  of  the  US  Army  Aviation  Center  (ATZQ 
letter  to  The  Surgeon  General,  Oct  1979)  and  the  Military 
Personnel  Center  (DAPC  letter  to  The  Surgeon  General,  Nov 
1979)  expressed  concern  regarding  the  adequacy  of  existing 
aviator  selection  standards.  In  response  to  these  concerns, 
The  Surgeon  General  of  the  Army,  through  the  US  Army  Medical 
Research  and  Development  Command  (USAMRDC)  (DASG  letter  to 
USAMRDC,  Nov  1979),  tasked  the  US  Army  Aeromedical  Research 
Laboratory  (USAARL)  (USAMRDC  letter  to  USAARL,  Jan  3980)  to 
reevaluate  the  anthropometric  criteria  cited  in  Army 
Regulation  (AR)  40-501,  Standards  of  Medical  Fitness 
(Department  of  Defense  1960),  governing  the  selection  of 
personnel  for  flying  duty. 

The  initial  response  to  this  tasking  (USAARL  let  e'  to 
USAMRDC,  May  1980)  resulted  in  the  adoption  ol  inter  Lai. 
revised  minimum  anthropometric  criteria  for  reach -  relate'-' 
dimensions.  However,  this  brief  study  was  not  a  com  prehens .. v > 
one.  Among  the  issues  not  addressed  was  that  pertaining  to 
the  potential  need  for  the  inclusion  of  strength  criteria 
within  AR  40-501.  There  presently  exist  no  such  criteria, 
although  research  recently  completed  (Cote  and  Schopper  1934, 
Schopper  and  Cote  1984)  has  indicated  chat  for  several  or  the 
Army's  helicopters,  individuals  smaller  than  those  previously 
eligible  may  be  capable  of  attaining  the  static  cockpit 
reaches  necessary  to  operate  those  controls  judged  tv  oe 
critical  by  instructor  pilots.  Given  this  circumstance  and 
the  widely  researched  findings  that  women  possess  less 
physical  strength  than  men  of  coraparaoie  size  (e.g.,  LauDuch 
1975),  an  effort  was  undertaken  to  examine  the  need  for 
potential  strength  criteria  more  closely.  Parallel  efforts 
were,  therefore,  initiated  to  assess  the  helicopter-referenced 
control  force  exertion  capabilities  of  samples  of  email  male- 
and  females  (Schopper  and  Hastroianai  1985)  and  c. he  noncr-,1 
forces  actually  encountered  during  flight. 

This  study  was  designed  to  determine  forces  exerted  ci 
the  controls  of  a  JUH-1H  helicopter  during  standard  maneuvers 
that  are  considered  the  most  demanding  in  terms  of  strength 
requirements.*  For  this  "worst  case"  condition,  the 
"hydraulics  off"  maneuver  (Task  4  005,  TC  135  iUH-ifi], 
Department  of  the  Army,  198i  [cl  I)  was  chosen.  Amo  nr  the 

*  The  letter  J  which  precedes  the  UM-1U  aircraft  u  e  s  l  g  a ..  t  L  u  n 
denotes  that  the  aircraft  is  used  tor  -  e  s  e  a r  c  a  purposes.  The 
modifications  made  o  this  aircraft  were  principally 
instrument-  related  to  permit  the  in-flight  recording  f 
sensor  Inputs  to  the  a i 'craft  cockpit  instruments. 


aircraft  in  the  current  active  inventory,  it  was  the  opinion 
of  all  aviators  spoken  to  that  the  "hydraulics  off"  forces 
associated  with  the  UH-1  were  larger  than  those  encountered  in 
other  model  Army  helicopters  for  this  type  of  training 
maneuver  . 

The  present  research  also  addressed  another  factor  of 
relevance:  the  level  of  pilot  experience.  The  concern  was 

that  aviators  might,  due  to  differences  in  flying  techniques 
which  accrue  with  increasing  levels  of  experience,  evidence 
substantially  different  magnitudes  and  patterns  of  control 
force  inputs  during  the  execution  of  normal  and  hydraulics- 
disabled  approaches  and  landings.  Although  the  authors  know 
of  no  previous  he  1 i cop t er- f 1 i gh t-r e la t e d  research  to  suggest 
that  this  might  be  the  case,  there  does  exist  considerable 
literature  that  documents  that  the  performance  of  motor  skills 
changes  with  increasing  exposure  to  the  task;  i.e.,  practice 
(Newell  1981,  Rabbitt  1981).  While  there  does  not  exist 
relevant  research  literature  known  to  the  authors  which  has 
addressed  the  conjoint  effects  of  force  input  requirements  and 
opera-  >r  experience  level  upon  task  performance,  the  belief 
was  Lc.^c  in  a  force-loaded,  time  dependent  dynamic  performance 
environment  (as  exists  during  hydraulics-disabled  approaches 
and  landings)  differences  would  be  observed. 


METHOD 


SUBJECTS 


Data  was  collected  from  12  subjects,  six  w  1 :  it  mere  than 
1300  hours  of  flight  time  each  ( /  -2250  hours)  in  a  UH-iK 
helicopter  and  six  recent  graduates  of  the  Army  Aviation  Bast 
Flight  Course,  each  with  less  than  200  hours  of  flight  time 
C  X  = 1 8  3  hours).  The  height,  weight,  and  flight  hours  of 
experience  are  shown  for  each  individual  in  Ta.ole  l. 
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PROCEDURE 

To  evaluate  both  force  requirements  anc  the  possum  role 
of  experience  in  ;o  n  t  r  i.  bu  1 1  ng  to  extent  of  fmee  r.o;..'  . 
each  aviator  .  lev  I  i  .ip  .  roaches  .  :c  !.  inci  i  s  .i  Inst.  .  - 

men  ted  UH-id.  Si  <  o  5  these  wore  f  foci  »*  \  •:  ii  i  i  ,  nor  ... 
nyd  r  au  i  l  •:  as  s  i  =  t  and  •,  i.  ,\  wo  r  ,»  loon  :  ;:t  the  n/d  .  tail  .  e  - 

abied  in  a  <:  ruo  a  n  c  a  .h  d  «:  he  procedures  .kkI  s  t..:  mr  . 

training  maneuver  (  Cask  A 0 (j  3  ,  DC  -  1  3  5  i  Oil-  1 ! i  J  !? e r  r  -  me  a  r.  .»  •  L  n 
Amy,  1981  |  c  1  i  1  . 


The  data  from  strain-gage  instrumented  controls  during 
the  last  60  seconds  prior  to  touchdown  were  recorded  for  each 
landing.  These  were  then  subjected  to  both  descriptive  and 
analytic  statistical  analysis  to  document  the  levels  of  force 
required  and  to  determine  if  pilot  experience  differentially 
affected  the  forces  measured. 

To  assure  maximal  familiarity  with  the  aircraft  prior  to 
undertaking  the  more  hazardous  (hydraulics-off)  maneuver,  the 
six  normally-assisted  approaches  and  landings  were  flown 
first,  followed  by  six  approaches  and  landings  with  the 
hydraulics  disabled.  Although  the  adoption  of  this  procedure 
inextricably  confounds  the  statistical  analysis  (hydraulics 
condition  is  confounded  with  hydraulics  on-off  order  effects;, 
the  decision  was  made  knowingly  in  the  interest  of  safety. 

The  aviator  subject  flew  in  the  left  hand,  pilot's  seat. 
Subsequent  to  approximately  15  minutes  of  normal  flight 
enroute  to  the  staging  airfield  where  the  research  was  to  be 
performed,  the  safety  pilot  directed  the  volunteer  to  fly  12 
consecutive  running  landing  patterns  (Task  4005),  six  with 
hydraulics  on  and  six  with  hydraulics  off.  For  each  approach, 
as  soon  as  the  volunteer  aviator  was  in  the  landing  pattern  so 
that  the  aircraft  was  parallel  with  the  landing  lane  and 
traveling  in  the  opposite  direction  to  the  planned  approach, 
data  collection  started  and,  if  the  test  conditions  required, 
the  hydraulic  system  was  turned  off.  This  point  was  identi¬ 
fied  on  the  recording  tape  with  a  marker  voltage.  As  soon  as 
the  volunteer  touched  down  on  the  landing  lane,  another  ref¬ 
erence  voltage  mark  was  entered  onto  the  tape.  Data  pertain¬ 
ing  to  both  magnitude  and  direction  of  applied  force  inputs 
and  control  position  were  recorded  for  the  cyclic,  collective, 
and  pedals  throughout  the  period  of  data  collection  through 
the  use  of  the  laboratory's  Helicopter  In-Flight  Monitoring 
System  (HIMS-II)  (Jones,  Lewis  and  Higdon  1983).  Only  the 
data  recorded  during  the  last  60  seconds  prior  to  touchdown  of 
the  final  leg  were  subjected  to  analysis. 

The  time  required  to  execute  these  12  approaches  and 
landings  was  approximately  1  hour  for  each  aviator.  No 
flights  were  initiated  unless  the  sustained  wind  conditions 
were  less  than  15  knots  and  the  wind  gust  spread  was  less  than 
1 0  kno  t  s  . 

INSTRUMENTATION 

To  measure  the  control  forces,  the  cyclic,  the  collec¬ 
tive,  and  the  pedals  were  instrumented  with  resistor-type 
strain  gages  that  transduced  the  applied  forces  into  voltage 
outputs.  The  pedals  were  instrumented  to  measure  the  force 
applied  to  the  right  or  left  pedal  in  the  forward  direction. 
The  pedals  are  interconnected  and  control  the  angle  of  attack 


of  tall  rotor  blades.  t’ •»  i  a  i  i  :  o  :  ■  r  '•  L  -t  '  ■  ;  ■  >  e  t  -  -  ..  .  ue 

ing  of  the  he  l  i  c  o  :> «.  e  r  »3o  o  r  i  s  e  c  i.e  t  •  r  .  ■  <•  .1  .-•>  -  « 

mala  rotor  blade  1  a  .  g  .  ,  dar  *  r.g  U  .«i  g  :  ,  pedai  1 U 

control  the  left-right  movement  of  the  tail  of  the 
helicopter)  . 


The  cyclic  control  is  located  directly  in  treat  of  *  ne 
pilot,  between  the  legs.  It  controls  the  r  e i a  t ’ v e  angle  or 
attack,  of  trie  plane  of  tb-  helicopter  ^  U;  ;  lad e  ..  arc 
horizontal  s  t  a  t>  i  1  ’.  z  e  r  a  r- .  ,  U.  - r  e  f  n  -  e  ,  tie  p  .  t r  <•.  .a  r  -  1 .  •  1 
the  helicopter.  It  is  operated  w  i  t  n  the  pilot's  rg.it  t  :t  c 
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and  left-right  control  i n  p  a  t  forces. 
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conditioned  by  a  Metraplex®  340-A  strain  gage  conditioning 
card  placed  ir.  a  circuit  with  a  Met  rap  1  ex'*  mode  1  304  ;idi- 
tioner/VCO  card*.  The  voltage  output  from  the  co  .1  d  t  '. .  a .  i  ::  t 
card  then  was  fed  by  co,,n.u.  cab’  to  7  - :  I  -}"■  .  :  -  <■ 
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channels  were  employed  to  re.;  or-,  c  ..a  or-.  c  ■.  .: 

used  in  the  HIMS-I  i  .  A  pro-  and  p  o  s  .  -  f  1 1 1  t 
the  Met  raplex®  signal  c  o  n  d  i  t  L  o<- .  s  1  c  •«  '1  IV".  ••  ’.I  c  >  u  u-‘  c  e 
with  the  Met  rap  la xw  calih  *  “ton  •:  c  r  <i  *■'•?  *•  n  -h  >t  .  hv 
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DATA  REDUCTION 
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The  data  were  subjected  to  several  types  of  analyses.  To 
develop  an  overall  appreciation  of  the  force  characteristics 
encountered,  the  data  initially  were  divided  into  specific 
control/direction  subsets  to  permit  descriptive  statistics  to 
be  generated  for  each  of  the  four  combinations  of  subject 
experience  level  and  hydraulic  condition.  The  data  employed 
for  developing  these  descriptive  statistics  were  the  60  con¬ 
secutive  means  for  each  1-second  interval  of  each  approach  and 
landing;  i.e.,  the  sign  and  magnitude  of  the  mean  of  10  data 
points  recorded  for  each  second  were  used  as  the  input  data 
from  which  the  descriptive  statistics  were  computed.  For  each 
of  the  four  combinations  of  hydraulics  condition  and  aviator 
experience,  the  distribution  entailed  2160  data  points  (6 
subjects  x  6  t r i al s / sub j e c t  x  60  seconds / trial )  . 

Due  to  the  overly  large  number  of  cells  which  would 
result  if  1-second  intervals  were  employed  in  a  1-between, 
3-within  repeated  measures  analysis  of  variance,  further 
reduction  was  required.  The  data  from  the  final  60  seconds 
prior  to  touchdown  for  each  channel  of  the  tape  were  separates 
into  d i r e c t ion- spe c i f ic  or  (for  pedals)  control-specific  vol¬ 
tages  and  then  reduced  to  the  mean  force  recorded  during  each 
of  the  12  5-second  time  intervals.  Because  the  direction  of 
input  could  change  during  any  5-second  interval,  the  number  of 
data  points  available  in  successive  5-second  intervals  varied. 
Hence,  the  means  computed  for  each  interval  were  calculated  on 
the  basis  of  whatever  number  of  direction-  specific  values 
were  recorded  during  the  interval.  For  example,  if  during  one 
5-second  interval  there  were  20  positive  voltages  and  30 
negative  voltages,  then  the  mean  value  for  positive  direction 
Inputs  would  be  based  on  the  average  of  20  data  points  and  the 
mean  value  for  the  negative-direction  inputs  would  be  the 
average  of  30  data  points.  If  there  were  no  inputs  in  one 
direction  during  a  given  5-second  period,  the  value  zero  was 
employed . 

DATA  ANALYSIS 

The  2160  l-second  means  associated  with  all  subjects' 
landings  were  employed  to  compute  the  descriptive  statistics 
for  each  of  the  four  combinations  of  experience  and  hydraulic 
condition.  The  12  5-second  means  were  employed  in  a  l-between 
3-within  repeated  measures  analysis  of  variance  to  evaluate 
the  be  twee n- group  effects  of  aviator  experience,  and  the 
wlthin-group  effects  of  hydraulics  condition,  trials,  and 
1 n t e r va 1 s -w i t h i n- t r i a  1 s  on  the  magnitude  of  the  forces 
exerted.  (As  cited  previously,  safety-related  considerations 
deriving  from  the  fixed  sequence  of  hydraulics-on  flights 
followed  by  hydraulics-off  flights  confounds  the  analysis  of 
the  hydraulics  condition  effects.) 


In  consonance  with  the  manner  in  which  currently  existing 
helicopter  force  design  standards  are  cited,  the  findings  are 
described  separately  below  for  longitudinal  cyclic  forces, 
lateral  cyclic  forces,  collective  forces,  and  pedal  forces. 
Descriptive  statistics  pertaining  to  the  forces  exerted  during 
the  60-second  period  are  provided  initially.  They  have  been 
analyzed  in  two  ways: 

The  first  table  to  appear  in  each  section  will  provide 
the  descriptive  statistics  which  resulted  from  considering  all 
2160  data  points  collectively  for  each  combination  of  experi¬ 
ence  and  hydraulics  condition.  These  are  referred  to  as  the 
"net"  levels  of  force  input.  For  example,  the  descriptive 
statistics  for  longitudinal  inputs  to  the  cyclic  would  combine 
all  forward-directed  (-)  and  rearward-directed  (  +  )  inputs  as 
belonging  to  the  same  data  set.  Hence,  these  data  reflect  the 
algebraic  sum  of  all  Inputs. 

The  data  also  are  described  in  a  direction-specific 
fashion  to  more  closely  appreciate  the  differences  which  exist 
but  are  not  apparent  when  the  positive-  and  negative-signed 
data  are  considered  in  combination.  The  second  table  which 
appears  in  each  section,  therefore,  has  been  separated 
initially  into  positive  or  negative  values  before  being 
subjected  to  statistical  analysis.  These  tables  reflect 
differences  in  both  the  frequency  (i.e.,  number  of  1-second 
means)  and  magnitude  of  direction-specific  inputs.* 

Descriptive  statistics  are  provided  separately  for  each 
of  the  four  combinations  resulting  from  the  conjoint  con¬ 
sideration  of  the  two  aviators'  experience  levels  (more  and 
less)  and  the  two  hydrualics  conditions  (on  and  off).  The 
final  portion  of  each  con t r o 1- speci f ic  section  will  be  the 
citation  of  the  significant  findings  which  resulted  from  the 
repeated  measures  analysis  of  variance  that  was  undertaken. 


*  While  referred  to  as  "frequency,"  it  is  clear  that  the  use 
of  this  label  is  artificial.  The  measure  is  merely  the  number 
of  i-second  means  derived  from  arbitrarily  segmenting  the 
recorded  60-second  periods  into  ones  of  1-second  duration.  It 
is  noted,  however,  that  the  term  "duration”  is  not  applicable 
for  that  suggests  that  the  parameter  pertains  to  a  period  of 
continuous  time.  The  numbers  appearing  in  the  table  do  not 
relate  to  any  period  of  sequentially  connected  time;  they 
merely  denote  the  t-otal  number  of  periods  of  1-second  duration 
when  the  algebraic  mean  of  the  10  samples  measured  were  of  one 
sign  (+)  or  the  other  (-). 
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RESULTS 


LONGITUDINAL  CYCLIC  INPUTS 

The  descriptive  statistics  for  the  four  possible 
combinations  of  pilot  experience  level  and  control  hydraulics 
condition  for  the  combined  longitudinal  inputs  to  the  cyclic 
are  provided  in  Table  2.  Negative  values  reflect  a  mean  force 
during  the  1-second  interval  corresponding  to  a 

forward-directed  input  (push),  positive  values  refer  to  a  mean 
force  in  the  aft  direction  (pull). 


TABLE  2 


DESCRIPTIVE  STATISTICAL  PARAMETERS  OF  THE  NET  LEVELS  OF  LONGITU¬ 
DINAL  DIRECTIONAL  INPUT  FORCES  APPLIED  TO  THE  CYCLIC  CONTROL  AS 
FUNCTION  OF  HYDRAULIC  CONDITION  AND  LEVEL  OF  AVIATORS'  EXPERIENC 


Statistical 

Pa  rame  ter 

Hydraul ics  On 

More  Exp  Less  Exp 

Hyd  raul ics  Off 

More  Exp  Less  Exp 

Mean 

-1.46 

-4.62 

2  .  18 

-5.08 

Median 

0.06 

-3.57 

1.75 

•  -3.77 

Maximum.  Forward 

9 .14 

11.59 

78.23 

16.55 

Maximum  Rearward 

-28.  12 

-17.45 

-81.43 

-37.94 

Range 

37.26 

29.04 

159.66 

54.49 

Variance 

49.02 

55.57 

285  .  14 

72.67 

Standard  Deviation 
Semi-Interquartile 

7.00 

7.45 

16.89 

8.52 

Range 

2 . 90 

6 . 54 

6.83 

6.33 

Skewness 

-1 .05 

0 . 14 

-0 . 58 

-0 . 08 

Kurtosis 

0 . 58 

-0.81 

3  .  32 

-0 . 50 

NOTE :  Forces  are  expressed  in  Newtons.  Distributions  consis: 

of  2160  means  of  inputs  of  1-second  duration. 


The  absolute  magnitude  of  the  mean  and  median  forces 
applied  were  relatively  small  with  substantial  variability 
reflected  in  the  magnitude  of  the  range  of  forces  and  the 
relatively  large  standard  deviations  encountered.  The 
magnitude  of  acute  f o r wa r d - d i r e c t e d  input  (pushes)  were  larger 
than  the  acute  r e a r wa r d- d i r e c t e d  inputs  (pulls)  so  that  the 
minimum  values  (negative  sign)  were  larger  in  absolute 
magnitude  than  the  maximum  values  encountered. 


The  descriptive  statistics  for  the  direction-specific 
longitudinal  cyclic  force  inputs  are  cited  in  Table  3.  The 
effects  of  separating  the  data  into  d i r e c t  i  on- spe c i f i c 
components  is  clearly  evident.  Most  of  the  values  of  the 
measures  of  central  tendency  (means  and  medians)  are  several 
times  larger  in  this  table  than  they  were  in  the  preceding 
table  in  which  the  summing  of  values  of  opposite  signs  served 
to  minimize  the  actual  magnitudes  of  opposing  types  of  force 
inputs.  Also  this  table  reveals  the  variation  which  exists 
among  the  frequencies  of  d i r e c t i on- spe c i f i c  values. 
Considerable  disparity  exists  between  the  groupings  cited. 
Whereas  the  number  of  rearward-  and  forward-directed  control 
inputs  for  the  more  experienced  group  were  nearly  equal  (1090 
vs  1070)  when  the  hydraulics  were  on,  there  was  a  marked 
difference  between  the  number  of  directional  inputs  by  the 
less  experienced  aviators  (585  vs  1575)  under  the  same 
condi tions . 

During  hy d r a u 1 i c s- o f f  approaches,  the  differences  were 
even  greater.  The  ratio  of  duration  of  forward  inputs  in 
seconds  to  the  duration  of  rearward  inputs  was  .7:1  for  the 
more  experienced  aviators.  For  the  less  experienced  aviators, 
it  was  3:1. 

The  results  of  the  analyses  of  variance  (ANOVA) 
undertaken  on  the  forward-and  rea rwa rd-d i r e c t ed  cyclic  inputs 
are  provided  in  Tables  4  and  5,  respectively.  The  main  effect 
of  experience  was  marginally  significant  for  rearward-directed 
inputs,  F (  1  ,  1 0 )  =  3.83,  £  *  .079  ,  and  nonsignificant  for 
aft-directed  Inputs,  F(l,10)  =  0.03,  £  =  .862.  There  were 
only  two  other  statistically  significant  effects  involving 
1  e v e  1  - o f -ex pe r  i  e n c e  .  Both  were  interactions  evidenced  in  the 
forward-directed  results. 

The  simpler  effect  was  a  significant  second-order 
interaction  between  aviator  ex pe r i e nee- 1 e ve 1  and 
t ime- to- touchdown  (i.e.,  interval),  F(11,110)  =  2.27,  £  - 
.015.  This  effect  (as  well  as  the  comparable  data  for 
rearward-directed  inputs)  is  depicted  in  Figure  1.  There  is 
little  effect  on  the  interval  of  rearward-directed  forces 
related  to  the  experience  level  of  the  aviators.  Figure  1 
shows  that  forward-directed  forces  became  higher  for  the 
rao re-expe r ienced  group  (relative  to  those  of  the 
1 e s s- e x pe r  i  e nc e d  group)  as  t ime- to- touchdown  neared. 
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I  CAL  PARAMETERS  OF  FORWARD-  AND  REARWARD-DI  REC  TED  INPUT  FORCES  TO 
FUNCTION  OF  HYDRAULIC  CONDITION  AND  LEVKI.  OF  AVIATORS'  EXPERIENCE 


SOURCE 


SUM  OF 
SQUARES 


DEGREES  OF 
FREEDOM 


MEAN 

SQUARE 


Experience 

(  E) 

177.93359 

1  ,  10 

177.93339 

0.03 

0.862 

Hyd  raul ics 

Condition 

(H) 

2573.76123 

1  ,  10 

2573.76123 

4.97 

0.050 

H  x  E 

636.92773 

1  ,  10 

636.927  7  3 

1  .  23 

0.293 

Trials  (T) 

139.87039 

5  ,  50 

27.97408 

3.02 

0.018 

T  x  E 

70 .28329 

5  ,  50 

14.05666 

1  .  52 

0 . 200 

T  x  H 

156.61664 

5  ,  50 

31.32333 

3 .63 

0.007 

T  x  H  x  E 

91 . 39441 

5  ,  50 

18 . 27888 

2.12 

0.078 

In  te rval s 

(I) 

2703 . 99854 

11,110 

245.81805 

6.06 

0.000 

I  x  E 

1013.58301 

11,110 

92  .  1439  1 

2.27 

0.015 

I  x  H 

1512.86157 

11,110 

137.53287 

4.14 

0.000 

I  x  H  x  E 

463.40894 

11,110 

42  .  12809 

1  .  27 

0.252 

I  x  T 

269.97461 

55  ,  550 

4.90863 

0.90 

0.687 

I  x  T  x  E 

253.82080 

55 , 550 

4.61492 

0.84 

0 . 783 

I  x  T  x  H 

227.95142 

55,550 

4.14457 

0.77 

0.891 

I  x  T  x  H 

x  E 

281 .69849 

55,550 

5.12179 

0.95 

0 . 588 
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FORHflRD  INPUTS 


in  che  final  trials  which  results  from  averaging  the  data  over 
both  hydraulics  conditions  and  experience  levels  reflects  a 
reliable  main  effect  of  trials,  F(  550  )  =  3.02  ,  _£  =  .018.  More 
obvious  is  the  significant  main  effect  of  hydraulics  condition 
for  both  forward-  1  F  (  1  ,  1 0  )  =  4.9?,  =  .050)  and  rearward- 

directed  (  F  (  1  ,  1 0  )  =  4.76,  j>  =  .054)  input  forces. 

Figure  3  depicts  forward-  and  rearward-directed  cyclic 
input  forces  as  a  function  of  both  hydraulics  condition  and 
t ime- to- touchdown .  This  two-way  interaction  is  statistically 
significant  for  forward-directed  inputs,  Fill,  110)  «*  4.14,  j) 
<•001.  The  rise  in  forces  applied  is  greater  during 
hydraulics-off  approaches  than  it  is  during  hydraulics-on 
approaches  as  t ime- to- touchdown  decreases.  The  overall  main 
effect  of  t i me- to- touchdown  was  significant  for  both 
forward-directed  inputs,  F(li,110)  =  6.06,  £<,001,  and 
rearward-directed  inputs.  Fill,  110)  =  2.35,  =  .012. 

LATERAL  CYCLIC  INPUTS 

Table  6  provides  the  net,  1- second-based  descriptive 
statistics  for  force  magnitudes  associated  with  lateral  cyclic 
inputs.  Negative  values  reflect  inputs  to  the  left,  positive 
values  reflect  inputs  to  the  right.  The  magnitudes  of  the 
mean  and  median  values  are  comparable  to  those  associated  with 
longitudinal  inputs  (Table  2).  The  variability,  however,  is 
generally  less  than  that  encountered  in  the  fore-aft  data. 


TABLE  6 


DESCRIPTIVE  STATISTICAL  PARAMETERS  OF  THE  NET  LEVELS  OF  LEFT- 
RIGHT  DIRECTIONAL  INPUT  FORCES  APPLIED  TO  THE  CYCLIC 
CONTROL  AS  A  FUNCTION  OF  HYDRAULIC  CONDITION  AND 
AVIATORS'  LEVEL  OF  EXPERIENCE 


Statistical  Hydraulics  On  Hydraulics  Off 

Parameter  More  Exp  Less  Exp  More  Exp  Less  Exp 


Mean 

3  .  74 

Med i an 

2.97 

Maximum  Right 

10.66 

Maximum  Left 

0.33 

Range 

10.33 

V  a  r  lance 

6.06 

Standard  Deviation 
Semi- Interquart  ile 

2.46 

Range 

0 . 9  3 

Skewness 

1  .  36 

Kurtosis 

0 . 62 

-0. 

55 

8. 

,  66 

-0  . 

,  1  3 

1  . 

19 

4  . 

,  7  1 

1  . 

.  19 

1  5  . 

70 

56  . 

90 

17  . 

.  44 

0  . 

01 

0  , 

,  0  1 

-44  . 

.09 

28  . 

7  1 

78  . 

,  85 

6  1  , 

.  53 

48  . 

03 

66  . 

.  1  1 

64  , 

.  30 

6  . 

93 

8  , 

.  1  3 

8  . 

.02 

5  . 

4  1 

4  , 

.  27 

5  , 

.  34 

0  . 

30 

1  , 

.  34 

-0  , 

.  18 

-0  . 

43 

1  , 

.  31 

0  , 

.  9  1 

NOTE  Forces  are  expressed  in  Newtons.  Distributions  each 
consist  of  2160  means  of  1-second  duration. 

Descriptive  statistics  derived  from  the  separate 
distributions  of  right-  and  left-directed  inputs  are  provided 
in  Table  7.  The  most  striking  finding  is  the  marked 
difference  between  the  more-  and  less-experienced  aviators  in 
the  number  of  seconds  of  force  input  in  the  left  and  right 
directions.  Regardless  of  the  hydraulics  condition,  more- 
experienced  aviators  tended  to  employ  r i g h t- d  i  r e c t ed  inputs 
almost  exclusively.  In  contrast,  less-experienced  aviators 
employed  right  and  left  inputs  at  about  the  ratio  of  1.5  to 
1.0  (. right  :left)  during  both  hydraulics-on  and  hydraulics-off 
landings. 

The  results  of  the  ANOVA  accomplished  for  the  right-  and 
left-directed  forces  input  to  the  cyclic  are  provided  in 
Tables  8  and  9.  With  the  exception  of  significantly  higher 
forces  during  the  hydraulics-off  condition  than  during  the 
hydraulics-on  condition,  F (.  I  ,  10)  =  5.64,  _£  =  .  039,  there  were 

no  statistically  significant  effects  encountered  among  the 
right-directed  force  data. 


TABLE  8 


ANALYSIS  OF  VARIANCE  SUMMARY  TABLE  FOR  R I GHT- D I  RE CTE D 

CYCLIC  FORCE  INPUTS 


SOURCE 

SUM  OF 
SQUARES 

DEGREES  OF 
FREEDOM 

MEAN 

SQUARE 

F 

P 

Experience  (.  E ) 

47  49 . 4687  5 

1  ,  10 

4749.7 

1  .97 

0.191 

Hydraul ics 

Condition  (H) 

4599.47314 

1  ,  10 

4  599.5 

5 . 64 

0.039 

H  x  E 

1817.53076 

1  ,  10 

18  17.5 

2.23 

0 . 166 

Trials  (T) 

4  1  2  .  589  1  l 

5  ,  50 

82  .  5 

1  .65 

0.163 

T  x  E 

120.53345 

5  ,  50 

24  .  1 

0.48 

0.787 

T  x  H 

98 . 65454 

5  ,  50 

19.7 

0 .37 

0 .869 

T  x  H  x  E 

341 .97559 

5  ,  50 

68 . 4 

1  .  27 

0.291 

Interval s  ( I ) 

20.83502 

11,110 

1  .9 

0.52 

0.886 

I  x  E 

20 . 94818 

11,110 

1  .  9 

0 . 52 

0 . 884 

I  x  H 

54 . 94443 

11,110 

5.0 

1  .47 

0.154 

I  x  H  x  E 

26 . 36044 

11,110 

2.4 

0.70 

0 .732 

I  x  T 

58 .20776 

55,550 

1  .  1 

1 .07 

0.345 

I  x  T  x  E 

62 . 76208 

55,550 

1  .  1 

1.15 

0.216 

I  x  T  x  H 

58 .04120 

55,550 

1  .  1 

1 .09 

0 . 320 

I  x  T  x  H  x  E 

57 .46423 

55,550 

1  .0 

1  .07 

0.338 

TABLE  9 


ANALYSIS  OF  VARIANCE  SUMMARY  TABLE  FOR  LE FT- D I RECTED 
CYCLIC  FORCE  INPUTS  BY  LESS-EXPERIENCED  AVIATORS 


SOURCE 

DEGREES  OF 
FREEDOM 

MEAN 

SQUARE 

F 

P 

Hydraulics  Conditions  (H) 

1,5 

230.0 

2.11 

0 . 206 

Trials  (T) 

5,25 

6  .  1 

1 .00 

0.437 

T  x  H 

5,25 

3.4 

0 . 58 

0.713 

Intervals  (I) 

11,55 

49.8 

5.77 

0.000 

I  x  H 

11,55 

28 . 2 

3.37 

0.00  1 

I  x  T 

55,275 

2.7 

1  .  10 

0.305 

I  x  T  x  H 

55,275 

2.64 

1.12 

0.272 

The  ANOVA  undertaken  on  the  left-directed  data  was 
confined  to  the  less-experienced  subjects  as  there  were 
insufficient  data  for  the  more-experienced  subjects.  Figure  4 
depicts  the  nature  of  significant  main  effect  of  interval 
(i.e.,  t  i  me- t  o- t  ouchdo  wn  )  ,  F(ll,55)  =  5  .  77  ,  j><«001,  and  the 
significant  interaction  of  interval  with  hydraulics  condition, 
F( 11,55)  -  3.37,  £  =  .001.  Increases  in  the  magnitude  of 
left-directed  cyclic  inputs  as  touchdown  neared  were  larger 
during  hydraulics-off  landings  than  they  were  during 
h yd r a u 1 i c s- on  landings. 


left-right  recording  channels 


TABLE  10 

DESCRIPTIVE  STATISTICAL  PARAMETERS  OF  THE  MAGNITUDES  OF 
RESULTANT  FORCE  VECTOR  INPUTS  APPLIED  TO  THE  CYCLIC 
CONTROL  AS  A  FUNCTION  OF  HYDRAULIC  CONDITION  AND 
AVIATORS'  LEVEL  OF  EXPERIENCE 


Statistical 

Pa r ame  ter 

Hydraul ics  On 

More  Exp  Less  Exp 

Hyd  raul ics  Off 
More  Exp  Less  Exp 

Mean 

7.14 

9.21 

16.95 

11.21 

Median 

4.95 

4.63 

13.60 

14.16 

Maximum 

28 . 28 

21.21 

81.70 

56 . 24 

Minimum 

1.17 

1  .  59 

2.63 

1.71 

Range 

27  .  10 

19.63 

79.07 

54.53 

Variance 

23.90 

41.23 

165.64 

45 . 66 

Standard  Deviation 

4.89 

6.42 

12.87 

6.76 

Semi-Interquartile 

Range 

3.99 

6.41 

9.83 

5.82 

Skewness 

1 .01 

0.28 

1  .  32 

0.99 

Kurtosis 

0.24 

-1.79 

2.02 

3.92 

NOTE :  Forces  are  expressed  in  Newtons.  Distributions  each 

consist  of  2160  means  of  1-second  duration. 


A  comparison  of  the  data  in  Table  10  with  those 
pertaining  to  the  fore-aft  and  left-right  inputs  clearly 
illustrates  the  inadequacy  of  either  of  these  tables  to 
describe  the  measures  of  central  tendency  of  the  actual  cyclic 
force  inputs  involved  in  piloting  the  helicopter,  particularly 
during  hy d r au 1 i c a  1 1 y-u n a s s i s t e d  approaches.  However,  they 
have  been  retained  because  of  their  relevance  to  existing 
control  design  force  limit  specifications  as  cited  in 
MIL-H-8501A  (Department  of  Defense  1961).  Both  mean  and 
median  values  appearing  in  Table  10  for  hydraulics  disabled 
approaches  are  considerably  larger  than  those  appearing  in 
Tables  3  and  7.  The  magnitude  of  the  resultant  mean  vector 
for  more  experienced  pilots  (17.0  N)  is  45-49  percent  larger 
than  the  means  (11.7  N  and  11.4  N)  for  the  largest  directional 
Inputs  (those  for  the  rearward-  and  forward-directed  inputs, 
respectively).  It  is  3.4  times  as  large  as  that  for  the  mean 
left-directed  input  which  was  the  smallest  directional  mean 
input.  The  largest  directional  mean  input  appearing  in  Tables 
3  and  7  for  less  experienced  aviators  is  for  f o rwa rd- d i r e c t ed 


inputs,  8.7  N.  The  mean  resultant  vector  magnitude  for  these 
aviators  11.2  N  was  approximately  30-40  percent  larger  than 
the  values  for  mean  forward-  (8.7  N)  and  left-  (8.0  N) 
directed  inputs.  It  was  nearly  twice  as  large  as  the  means 
for  the  rearward-  (5.8  N)  and  right-  (5.2  N)  directed  inputs. 

The  results  of  the  ANOVA  undertaken  on  the  mean  resultant 
vector  magnitude  data  are  shown  in  Table  11.  The  overall  mean 
resultant  vector  during  hyd r au 1 i c s- of f  approaches  (12.1  N)  was 
significantly  greater  than  that  during  hydraulics-on 
approaches  (10.2  N),  F(l,10)  =  12.90,  £  =»  .005  .  This  was  also 
seen  in  the  overall  increase  in  the  applied  force  vector  as 
the  t  ime- to- touchdown  decreased,  F(ll,110)  -  4.70,  j>  <.001. 

The  interaction  of  these  two  factors  (Figure  5)  also  was 
highly  significant,  F(ll,110)  -  4.09,  £  <.001.  As  depicted  in 
Figure  6,  the  increase  in  magnitude  began  to  occur  somewhat 
earlier  and  was  much  larger  during  hydraulics-off  approaches 
than  it  was  during  hydraulics-on  approaches. 


TABLE  11 


ANALYSIS  OF  VARIANCE  SUMMARY  TABLE  FOR  THE  MAGNITUDE  OF 


RESULTANT  FORCE 

VECTORS 

FOR  CYCLIC 

INPUTS 

SUM  OF 

MEAN 

SOURCE 

SQUARES 

DF 

SQUARE 

F 

PROBLEMS 

Experience 

CE) 

1451.43171 

1  ,  10 

1451 .43171 

0.30 

0.595 

Hydraul  lcs 

Condition 

(H) 

15062.53308 

1  ,  10 

15062.53308 

12.90 

0.005 

H  x  E 

6580 . 04426 

1,10 

6580 . 04426 

5.63 

0.039 

Trials  (T) 

512.46282 

5  ,  50 

102 . 49256 

0.95 

0.457 

T  x  E 

185.73919 

5  ,  50 

37 . 14784 

0.34 

0.883 

T  x  H 

174.58780 

5,50 

34.91756 

0.31 

0.907 

T  x  H  x  E 

674.75761 

5  ,  50 

134.95152 

1.18 

0.332 

Intervals 

(I) 

1920.69599 

11,110 

174.60873 

4 . 70 

0.000 

I  x  E 

528.06735 

11,110 

48.00612 

1  .  29 

0 .239 

I  x  H 

1395.88156 

11,110 

126.89832 

4.09 

0.000 

I  x  H  x  E 

528.22348 

11,110 

48.02032 

1  .55 

0.124 

I  x  T 

505.72746 

55,550 

9.19504 

1.24 

0.  126 

I  x  T  x  E 

343.03451 

55 , 550 

6.23699 

0.84 

0 .789 

I  x  H  x  T 

373.27977 

55,550 

6.78690 

0.99 

0 .499 

I  x  H  x  T 

x  E 

334.35653 

55,550 

6.07921 

0.89 

0. 705 
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FIGURE  6.  Mean  Magnitudes  of  Resultant  Force  Vectors  Applied 

to  Che  Cyclic  Control  as  a  Function  of  Hydraulics  Condi¬ 
tion  and  Time  Remaining  to  Touchdown.  (Data  are  averaged 
over  both  groups  of  aviators.) 


COLLECTIVE  INPUTS 

Descriptive  statistics  for  net  collective  input  forces 
are  shown  in  Table  12.  Negative  values  in  this  table  refer  to 
upward  pulls  on  the  collective.  The  table  reflects  the  shift 
from  upward  pulls  to  downward  pushes  as  the  hydraulics 
conditions  change  from  on  to  off.  Too,  with  this  change  in 


hydraulics  assist,  the  relative  magnitudes  of  the  forces 
applied  by  the  two  groups  of  aviators  also  changed.  During 
hydraulics-on  approaches,  the  larger  net  mean  force  was  input 
by  the  1 e s s- ex pe r i e nc ed  aviators.  However,  during 
hydraulics-off  approaches,  the  mo r e - ex pe r 1 enc ed  aviators 
applied  the  larger  mean  net  force.  In  comparison  to  the  level 
of  forces  applied  to  the  cyclic  (Tables  2,  6,  and  10),  the 
peak  forces  applied  to  the  collective  are  markedly  larger. 

TABLE  12 

DESCRIPTIVE  STATISTICAL  PARAMETERS  OF  THE  NET  LEVELS  OF  INPUT 
FORCES  APPLIED  TO  THE  COLLECTIVE  CONTROL  AS  A  FUNCTION  OF 
HYDRAULIC  CONDITION  AND  AVIATORS'  LEVEL  OF  EXPERIENCE 


Statistical 

Parameter 

Hyd  raul tcs  On 

More  Exp  Less  Exp 

Hydraulics  Off 
More  Exp  Less  Exp 

Mean 

-3.88 

-16.17 

42.62 

18 . 45 

Median 

-1.15 

-14.76 

20 . 76 

9.95 

Maximum  Down 

53.01 

54.21 

391.10 

256.62 

Maximum  Up 

-73.25 

-85 . 48 

-71.06 

-128.11 

Range 

126.26 

139.69 

462.17 

384 .73 

Variance 

567.76 

848.46 

6108.47 

3732.43 

Standard  Deviation 

23.83 

29.  15 

78.16 

61.09 

Semi-Interquartile 

Range 

15.93 

20.68 

50 . 52 

41.06 

Skewness 

0.21 

-0.16 

1  .02 

0 .63 

Kurtosis 

-0.31 

-0 . 48 

0 . 48 

0.21 

NOTE:  Forces  are  expressed  in  Newtons.  Distributions  each 

consist  of  2160  means  of  inputs  of  i-second  duration. 

The  descriptions  of  the  d i r e c t i on- s pe c  i  f  i  c  collective 
input  force  distributions  (Table  13)  reflect  the  substantial 
differences  in  the  measures  of  central  tendency  between 
downward  and  upward  inputs.  The  mean  magnitudes  of  downward- 
directed  inputs  during  hy d r au 1 i c s- o f f  approaches  were  3  times 
larger  than  during  hy d r au 1 t c s- on  approaches  for 
mo r e- e x pe r i e n c e d  aviators  and  3.4  times  larger  for 
1 e s s -e x pe r i e nc e d  aviators.  In  contrast,  the  mean  upward- 
directed  inputs  during  hydraullcs-off  approaches  exceeded 
those  during  hy d r a u 1 i c s - o n  approaches  by  only  a  relatively 
small  amount  (10-20  percent)  for  both  groups  of  aviators. 
During  hydraulics-on  approaches,  the  number  of  seconds  of 
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recorded  d i r e c C  io a- s pe c i f i c  force  input  differed  substantially 
between  the  two  groups.  Whereas  the  recorded  seconds  of 
upward-directed  inputs  exceeded  downward  inputs  by  only  a 
small  amount  for  the  mo r e- expe r t e need  aviators  (1.16:1.00), 
this  bias  was  twice  as  large  among  those  in  the 
less-experienced  group  (2.28:1.00). 

Tables  14  and  15  provide  the  results  of  the  ANOVA 
undertaken  on  the  downward-  and  upward-directed  collective 
input  forces,  respectively.  The  d i r e c t i on- spec i f i c  force 
inputs  were  affected  in  substantially  different  ways  by  the 
factors  investigated.  As  reflected  in  Table  14,  the  only 
factor  to  have  attained  the  conventional  p  <^.05  level  of 
statistical  confidence  in  downward-directed  inputs  (pushes) 
was  the  main  effect  of  hydraulic  condition,  F  (  1  ,  1 0 )  =*  90.7,  £ 
<•001.  As  shown  in  Figure  7,  when  the  hydraulics  were 
disabled,  the  collective  was  pushed  down  with  an  overall  mean 
force  that  was  nearly  six  times  that  employed  during 
fully-assisted  approaches. 
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TABLE  14 


ANALYSIS  OF 


VARIANCE  SUMMARY  TABLE  FOR  DOWNWARD-DIRECTED 
COLLECTIVE  FORCE  INPUTS 


SUM  OF 


DEGREES  OF  MEAN 


SOURCE 

SQUARES 

FREEDOM 

SQUARE 

F 

P 

Expe  rleace  ( E ) 

57191 .89063 

1  ,  10 

57191.9 

2.68 

0.133 

Hydraulic 

Condition  (H) 

1033335 . 21250 

1,10 

1033335.3 

90.72 

0 . 000 

H  x  E 

41059.24219 

1  ,  10 

41059.2 

3 . 60 

0.087 

Trials  (T) 

1695.49219 

5  ,  50 

339  .1 

0 . 28 

0.924 

T  x  E 

1959 . 28906 

5  ,  50 

391.9 

0.32 

0 . 899 

T  x  H 

620.87891 

5  ,  50 

124.2 

0.11 

0.991 

T  x  H  x  E 

1473. 58203 

5  ,  50 

294.7 

0 . 24 

0.943 

Intervals  (I) 

23818.45313 

11,110 

2165.3 

1  .  48 

0.150 

I  x  E 

1 1889.82813 

11,110 

1080.9 

0.74 

0.701 

I  x  H 

15568.70313 

11,110 

1415.3 

1  .04 

0.419 

I  x  H  x  E 

10924.00000 

11,110 

993  .  1 

0.73 

0 . 709 

I  x  T 

37634.34375 

55,550 

684 . 3 

0 . 79 

0.856 

I  x  T  x  E 

42565.81250 

55,550 

7  7  3.9 

0.90 

0.682 

I  x  T  x  H 

40 158.75000 

55,550 

7  30.2 

0.86 

0.750 

I  x  T  x  H  x  E 

467 14.53125 

55,550 

849.4 

1 . 00 

0.474 

TABLE  15 


ANALYSIS  OF  VARIANCE  SUMMARY  TABLE  FOR  UPWARD-DIRECTED 
COLLECTIVE  FORCE  INPUTS 


Sou  R  C  E 

S  U  M  0  F 
SQUARES 

DEGREES  OF 

FREEDOM 

MEAN 

SQUARE 

F 

P 

Experience  (El 

37178.82813 

1,10 

37178.8 

2.58 

0.139 

Hydraul  lcs 

Condition  (H) 

46.0537 1 

1,10 

46  .  1 

0.04 

0.847 

H  x  E 

1  .  452  1  5 

1,10 

1  .  5 

0 . 00 

0.973 

Trials  ( T ) 

309.58594 

5  ,  50 

6  1.9 

0 . 24 

0.941 

T  x  E 

515.37988 

5,50 

103.1 

0 . 40 

0.843 

T  x  H 

2860.076  1  7 

5  ,  50 

5  7  2.0 

4,37 

0.00  2 

T  x  H  x  E 

3695.35254 

5  ,  50 

7  3  9  .1 

5.65 

0 . 000 

I n  te  rval s  (  I  ) 

49467 .32031 

11,110 

4497  ,  1 

15.48 

0.000 

I  x  E 

2353.59961 

11,110 

2  14.0 

0.74 

0.702 

I  x  H 

7876.61719 

11,110 

7  16.1 

3  .  27 

0.00  1 

I  x  H  x  E 

1  584. 24609 

11,110 

114.0 

0 . 66 

0.775 

I  x  T 

9139.57813 

55  ,  550 

166.2 

1  .  09 

0.316 

I  x  T  x  E 

9589.70313 

55,550 

174.4 

1.14 

0.234 

I  x  T  x  H 

70  16. 50000 

55,550 

127.6 

0 . 99 

0.497 

I  x  T  x  H  x  E 

5383.78125 

55  ,  550 

97.9 

0 .76 

0.897 

3  5 
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FIGURE  7  .  Mean  Magnitude  of  Collective  Inputs  in  the  Up  and 
Down  Directions  as  a  Function  of  Hy d r aul i c s- As s i s t 
Condition  and  Time- to  — Touchdown  .  (Data  are  averaged 
over  both  groups  of  aviators.) 


In  contrast  to  the  robust  hydraulics  condition  effects 
cited  for  downward-directed  inputs.  Figure  8  also  clearly 
illustrates  that  u p wa r d - d i r e c t e d  collective  inputs  (pulls) 
were  not  affected  in  an  overall  sense  by  the  status  of  the 
hydraulics  system,  F(l,10)  =  46.1,  £  «  0.847.  The  overall 
increase  in  the  upward-directed  inputs  evidenced  as  time-to- 


interaction  was  highly  significant  for  upward-directed  input 
forces,  F(  5,50  )  -  565  ,  £  <.001,  and  not  significant  for 
downward-directed  input  forces,  F(5,50)  *  0.23,  £  =  .943.  The 
significant  upwa rd- re  1  a  ted  effect  was  most  strongly  evidenced 
during  the  first  three  trials.  During  the  hydraulics-off 
approaches,  forces  increased  sharply  for  more-experienced 
aviators  and  decreased  substantially  for  less-experienced 
subjects.  During  hyd r aul i c s- on  approaches,  there  was  a 
substantial  decrease  in  the  magnitude  of  force  applied  for 
more-experienced  aviators,  but  relatively  little  change  among 
their  1 e s 8- ex pe r i e need  counterparts. 


PEDALS 

The  descriptive  statistics  of  the  net  force  applied  to 
Che  pedals  are  shown  in  Table  16  for  the  1-second-based  data. 
The  overall  mean  and  median  values  reflect  a  substantial  shift 
from  predominantly  right  pedal  inputs  during  hydraulics-on 
approaches  to  larger,  left  pedal  inputs  during  hydraulics-off 
approaches.  In  general,  the  characteristics  of  this 
distribution  of  forces  is  much  closer  to  those  in  the 
distribution  of  co 1 1 e c t i ve- re  1  a t ed  inputs  than  they  are  to 
those  encountered  for  the  cyclic. 

The  ped a  1 - s pe c i f  i c  .  d i s t r i bu t i on  of  the  force  during  the 
final  60  seconds  of  the  approaches  (Table  17)  reveals  larger 
inputs  by  the  less-experienced  aviators.  The  relative 
frequency  (duration)  of  inputs  to  the  pedals  show  a 
substantial  reversal  when  the  hydraulics  are  off.  During 
hydraulics-on  approaches,  the  ratio  of  1 e f t- t o- r ig h t  pedal 
inputs  was  2.6:1  for  less-experienced  subjects  and  7.0:1  for 
more-experienced  subjects.  However,  these  relationships  were 
reversed  for  hydraulics-off  approaches.  Under  these 
conditions,  the  ratio  of  1 e f t- t o- r Ig h t  pedal  inputs  was  0.5:1 
for  both  the  less-experienced  and  more-experienced  groups. 

The  results  of  the  ANOVA  for  left  and  right  pedal  inputs 
are  cited  in  Tables  18  and  19.  These  analyses  revealed  a 
difference  in  sensitivity  between  the  two  pedals.  While  the 
only  significant  effect  for  right  pedal  inputs  was  related  to 
the  hydraulics  condition,  F(l,10)  -  23.00,  £  -  .001,  left 
pedal  inputs  were  significantly  affected  by  several  factors 
and  their  interactions. 


TABLE  16 


DESCRIPTIVE  STATISTICAL  PARAMETERS  OF  NET  LEVEL  OF  INPUT 
FORCES  APPLIED  TO  THE  PEDALS  AS  A  FUNCTION  OF  HYDRAULIC 
CONDITION  AND  LEVEL  OF  AVIATORS'  EXPERIENCE 


Statistical  Hydraulics  On  Hydraulics  Off 

Parameter  More  Exp  Less  Exp  More  Exp  Less  Exp 


Mean 

Median 

Maximum  Right 
Max imura  Left 
Range 
Variance 

Standard  Deviation 
Semi-Interquart  ile 
Range 
3  ke  wne  s  s 
Kurtosis 


-9 .36 

-24.81 

-11.20 

-24.92 

38 . 90 

47.78 

-53.43 

-81.78 

92.33 

129,56 

288.98 

488 . 30 

15.13 

2  2.10 

11.76 

14.96 

0.41 

0.17 

-0 . 24 

-0.12 

38 . 86 

37.70 

24.10 

34 . 06 

327.53 

295.74 

-22  1  .  1  7 

-270.97 

548.09 

566 . 7  1 

5589.09 

6626.67 

74.76 

8  1.40 

47.97 

55  .  22 

0.74 

-0.10 

0.69 

0 .25 

NOTE :  Forces  are  expressed  in  Newtons.  Distributions  each 

consist  of  2160  means  of  inputs  of  1-second  duration. 


TABLE  18 


ANALYSIS  OF  VARIANCE  SUMMARY  TABLE 


FOR  RIGHT 

PEDAL  FORCE 

INPUTS 

SOURCE 

SUM  OF 
SQUARES 

DEGREES  OF 
FREEDOM 

MEAN 

SQUARE 

F 

P 

Experience 

(E) 

1  2  59  .  1  8  7  50 

1  ,  10 

1  2  5  9  .2 

0.02 

0.891 

Hydraul  ics 
Condition 

H  x  E 

(H) 

1362092.37500 

63715.81250 

1,10 

1  ,  10 

1362092.4 
637  1  5.8 

23.00 

1 .08 

0.001 

0 . 324 

Trials 

T  x  E 

(T) 

7  3  1  7 .99  2  19 
16582  .  30469 

5  ,  50 

5  ,  50 

1463.6 

3316.5 

0.68 

1  .55 

0.638 

0.192 

T  x  H 

T  x  H  x 

E 

1  6  109. 90625 

1  5  19  1  .  54688 

5  ,  50 

5  ,  50 

3222.0 
3038 . 3 

1  .  60 

1  .  50 

0.179 

0.205 

Intervals  (1) 

I  x  E 

3840.77344 

5553.02344 

11,110 

11,110 

349.2 

504.8 

0 . 36 
0.5  2 

0 . 9b8 
0.885 

I  x  H 

I  x  H  x 

E 

1949.83594 
2899 . 16406 

11,110 

11,110 

177.3 

263.6 

0.17 

0.26 

0 .999 
0.992 

I  x  T 

I  x  T  x 

E 

21073.50000 

26105.34375 

55,550 

55 , 550 

383 . 2 

47  4.6 

0.8  6 

1  .Oo 

0.756 

0 .358 

I  x  T  x 
I  x  T  x 

H 

H  x 

E 

22959 . 60938 
26947 . 29688 

55,550 

55 , 550 

4  17.4 
490.0 

0.91 

1  .07 

0.658 

0.348 

ANALYSIS  OF 
FOR  LEFT 

TABLE  19 

VARIANCE  SUMMARY  TABLE 

PEDAL  FORCE  INPUTS 

SUM  OF 

DEGREES  OF 

MEAN 

SOURCE 

SQUARES 

FREEDOM 

SQUARE 

F 

P 

Experience  (E) 

85311.61719 

1,10 

853  1  1  .6 

6.81 

0.026 

Hydraul ics 

Condition  (H) 

4158.34375 

1,10 

4  158.3 

0.57 

0.469 

H  x  E 

233.89063 

1,10 

2  2  3.9 

0.03 

0.865 

Trials  (T) 

296 . 54297 

5  ,  50 

59  .  3 

0.12 

0.957 

T  x  E 

3042 . 38086 

5  ,  50 

608 . 5 

1  .  24 

0.306 

T  x  H 

1392.63086 

5  ,  50 

278.5 

0.61 

0.691 

r  x  H  x  E 

2872.97656 

5  ,  50 

574.6 

1  .  26 

0.295 

[nee  rval s  (  I ) 

126705.89063 

11,110 

11518.7 

15.42 

0.000 

1  x  E 

9647.82813 

11,110 

87  7  .1 

1.17 

0.313 

I  x  H 

60373 . 64063 

11,110 

5488 . 5 

9.08 

0.000 

I  x  H  x  E 

12483.60156 

11,110 

1134.9 

1 .88 

0.050 

I  x  T 

7101 .61719 

55,550 

129.1 

0.89 

0.695 

I  x  T  x  E 

8971 .67969 

55,550 

163.1 

1.13 

0 . 256 

I  x  T  x  H 

921 1 .50781 

55,550 

167.5 

1.18 

0.180 

I  x  T  x  H  x  E 

8106.55469 

5  5,550 

147.4 

1.04 

0.397 

The  effects  of  hydraulics  condition,  level  of  aviator 
experience,  and  time-to-touchdown  for  both  left  and  right 
pedal  inputs  are  shown  in  Figure  9.  The  most  significant 
effect  of  hydraulics  condition  on  the  right  pedal,  F (  1  ,  1 0  )  = 
23.0,  £  «  .001,  was  that  forces  input  during  the  hydraulics- 

off  approaches  were  consistently  three  to  six  times  greater 
than  those  during  hydraul  ics-on  approaches.  The  most 
significant  effect  of  forces  input  to  the  left  pedal  was 
t ime- to- touc hdo wn  F( 11, 110)  -  15.42,  £  <.001.  This  was 
largely  due  to  the  sharp  rise  in  inputs  during  the  last  10-15 
seconds  of  the  hy d r au 1 i c s- o f f  trials.  This  differential 
Increase  was  not  evident  in  the  hydraulics-on  trials.  This 
resulted  in  a  highly  significant  interaction,  F(ll,110)  ■ 

9.07,  £  <.001,  between  hydraulics  condition  and 
t ime- to- touc hdo wn  for  left  pedal  input  forces. 

The  statistical  analysis  of  left  pedal  force  inputs  also 
yielded  a  significant  main  effect  for  pilot  experience, 

F ( 1 , 1 0 )  ■  6.80,  £  =  .026,  as  well  as  a  significant 
interaction,  F(ll,110)  •  1.88,  £  »  .060,  of  this  factor  upon 

the  hy d r aul i c s - c ond i t i on/ t ime- t o- t ouc hdo wn  Interaction 
described  in  the  preceding  paragraph.  Overall,  it  was  found 
that  more-experienced  pilots  input  smaller  left-pedal  forces 
than  did  less-experienced  pilots.  The  significant  third  order 
interaction  (lower  portion  of  Figure  9)  was  shown  in  the 
earlier  and  more  pronounced  increase  in  force  levels  for  the 
less-experienced  pilots  relative  to  those  shown  by  the 
more-experienced  aviators  during  approaches  executed  with  the 
hydraulics  off.  This  difference  was  not  evident  during 
hydraulics-on  approaches. 
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9.  Mean  Magnitude  of  Left  and  Right  Pedal  Input 
as  a  Function  of  H yd r au 1 i c s - A s s i s t  Condition  (On 

- ,  Off:  Aviators'  Experience  (More:  *  , 

Less:  0).  and  Time- to-Touchdovn . 


DISCUSSION 


The  present  findings  are  discussed  within  several 
contexts.  The  descriptive  statistics  are  compared  to  both 
existing  military  standards  ( MI L-H-8 50  1  A ,  Department  of 
Defense  1961)  for  the  upper  design  limits  of  helicopter 
control  forces  and  the  results  of  a  recently  completed  study 
of  helicopter  control  force  exertion  capabilities  of  small 
Army  personnel  (Schopper  and  Mastroianni  1985).  The 
ANOVA-re 1 ated  findings  are  discussed  in  comparison  with  other 
research  pertaining  to  the  role  of  experience  in  the  conduct 
of  psychomotor  tasks. 

DESIGN  STANDARDS  COMPARISON 

The  upper  design  limits  for  input  forces  to  the  controls 
of  Army  helicopters  are  stipulated  in  MIL-H-8501A,  Military 
Specification:  "Helicopter  flying  and  ground  handling 

qualities"  (Department  of  Defense  1961).  Two  sets  of  limits 
are  cited;  one  applicable  to  hydraulics-on  horizontal, 
straight  flight  ( M I L-H-8 50 l A ,  page  2,  Table  II),  and  one 
applicable  to  ".  .  .  abrupt  power-operated  control  system 

failure  .  .  ."or  hydraulics-off  flight  ( M IL-H-8 50 1 A ,  page  9, 

paragraph  3.5.8).  The  values  associated  with  these  two  sets 
of  limits  are  cited  in  Table  20.  The  calculated  value  of  the 
force  which  would  result  from  the  simultaneous  application  of 
maximal  longitudinal  and  lateral  cyclic  inputs  also  is 
included  although  this  value  is  not  cited  in  the 
specification. 

The  discussion  which  follows  for  each  of  the  controls 
will  include  a  comparison  of  the  descriptive  statistics  for 
the  hy d r au  1  i c s- on  approaches  and  landings  executed  during  this 
study  with  those  limits  pertaining  to  "normal"  flight  in  Table 
20.  The  authors  recognize  that  the  flight  conditions  cited  in 
MIL-H-8501A  (straight  and  level  flight)  are  not  consistent 
with  the  flight  conditions  (descent)  under  which  the  present 
hydraulics-on  data  were  collected;  however,  for  purposes  of 
exposition,  they  do  provide  a  reasonable  referent. 

Cyclic  inputs.  Comparisons  of  the  data  cited  in  Table  3 
with  those  appearing  in  Table  20  reveal  that  regardless  of 
experience  level,  the  measures  of  central  tendency  (means  and 
medians)  and  peak  values  recorded  for  both  forward-  and 
rearward-directed  control  inputs  during  hydraulics-on  and 
hydraulics- off  approaches  were  all  substantially  less  than 
cheir  respective  liraics;  i.e.,  36  N  for  normal  flight  and 
112.5  N  for  flight  during  hydraulics  system  failure.  The 


suits  of  a  similar 
teral  cyclic  input 
mits  cited  in  Tabl 
mits  were  exceeded 
the  magnitude  of 
and  20  )  . 


CONT 

( 


isht 


c 


orce  input  by  the  more  experienced  group  also  exceeded  the 
imit  by  a  small  amount — 14  percent.  Maximum  downward  rorce 
nputs  by  both  groups  of  aviators  exceeded  the  31.5  N  normal 
light  limit  by  70  percent.  Approximately  17  percent  of  the 
ata  exceeded  the  limit.  Downward-directed  inputs  during 
ydraul ics-of f  conditions  e xceeded  the  112.5  N  limit  by  250 
ercent  for  the  1 e s s - e x p e r i e n c e d  group  142  percent  of  the 
ata)  and  by  130  percent  for  the  more-experienced  group  119 
ercent  of  the  data).  The  hy d r a u 1 i c s - o n  upward-directed 
nputs  by  the  less-  and  more-experienced  aviators  also 
xceeded  the  31.5  N  limit  by  130  percent  (31  percent  of  the 
ata)  and  170  percent  (45  percent  of  the  data),  respectively. 

Pedal  1 n  p  u t  s .  A  comparison  was  made  between  the  limits 
or  pedal  inputs  (Table  20)  and  the  values  for  the  means, 
edians,  and  raaximuras  derived  from  the  force  inputs  on  the 
eft  and  right  pedals  by  groups  of  aviators  during  both 
ydraul  ics-on  and  hydraulics-off  conditions.  I.t  revealed  no 
nstance  where  the  recorded  forces  exceeded  their  respective 
imits. 

ORCE  EXERTION  CAPABILITY  COMPARISON 

A  study  of  helicopter  control  exertion  capabilities  has 
een  completed  and  reported  (Schopper  and  Mastroianni  1985). 
his  research  focused  on  the  strength  capabilities  of  small 
rmv  males  and  females;  i.e.,  those  whose  stature  was  just 
bove  or  below  the  minimum  standard  for  entrance  into  the  US 
rmy's  aviator  training  program.  This  criterion,  162.6  cm  (64 
nches),  corresponded  to  the  5th-percentile  male.  Descriptive 
tacistics  for  males  and  females  whose  stature  was 
qual-to-or- less- than  167  cm  are  cited  in  Table  21.  They  are 
ependent  upon  the  mean  force  exerted  luring  maximal  exertions 
f  4-seconds  duration. 

To  make  a  meaningful  comparison,  it  was  necessary  to 
evelop  statistics  from  the  in-flight  data  which  were 
ompatible  with  the  4-second  period  of  exertion  employed  in 
he  strength -related  study.  Accordingly,  the  data  from  the 
-second-based  file  were  used  in  conjunction  with  a  4-secona, 
oving  average  technique  to  estimate  the  mean  force  required 
or  the  successive  4-second  periods  of  time.  By  employing  a 
moving  window"  of  4-seconds  duration  throughout  the  60-second 
eriod,  a  total  of  57  data  points  were  generated  for  each 
pproach  and  landing.  Descriptive  statistics  then  were 
alculated  for  each  direction  of  input  for  each  control  tor 
oth  experience-related  groups  of  subjects.  The  results  are 
rovided  In  Table  22. 
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260  .  1 

155.7** 

3)8.0 
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7  38  .5 

1  4  3  4  .2 

1  e  s 

3  6  ) 

Min 

1  0  0 . 8 

13  5.7 

58  .  1 

40 . 5 

2  19.6 

76.1 

2  6  s  .  2 

Md  n 

2  2  3.0 

2  6  3.0 

120.5 

85  .  5 

39  4  .5 

17  7.0 

5  2  4.0 

Max 

4  4  6.4 

482.9 

189.9*** 

177.8 

604.4 

4  2  4  .8 

i  0  •  .  .  8 

All  force  values  given  in  Newtons. 

One  value  at  88.2  N  also  was  recorded. 
One  value  at  296.6  N  also  was  recorded. 


N ota:  Forces  are  expressed  in  Newtons 

Msuroianni  (1985). 


Data  are  from  Schopper 


A  comparison  of  the  minimum  values  recorded  during 
strength  testing  (Table  21)  with  the  maximum  values  r  e  c  <  •  r  ;  e  : 
during  hydraulics-off  approaches  reveals  that  in  only  two 
instances  did  the  minimum  strength  capability  fail  to  exceed 
the  maximum  force  input  recorded  during  hydraulics-off 
approaches.  For  all  directional  control  inputs,  except  “h->-:-. 
associated  with  downward-directed  collective  inputs  and  rfgn 
pedal  inputs,  the  strength  capabilities  of  all  males  and 
females  tested  (Schopper  and  Mastroianni  1985)  exceeded  the 
maximum  force  demands  recorded. 

An  examination  of  the  strength  data  from  Schopper  and 
las  t  roianni 1 s  study  showed  that  less  than  4  percent  of  the 
right  pedal  inputs  during  the  h y d r a u 1  i  c s - o f f  approaches 
exceeded  the  right-pedal  exertion  capabilities  of  the  shorter 
(<167  cm)  subjects  tested.  Because  the  values  recorded  by 
these  researchers  were  labeled  as  conservative  estimates  of 
the  force-exertion  capabilities  likely  to  be  evidenced  among 
aviators,  there  is  little  reason  for  concern  regarding  pedal 
Inputs. 


TABLE  2  2 


SELECTED  VALUES  FOR  COMPARISON  OF  THE  DISTRIBUTIONS  OF  DOWNWARD- 
DIRECTED  COLLECTIVE  FORCE  INPUTS  FOR  MORE-  AND  LESS-EXPERIENCED 
AVIATORS  DURING  HYDRAULICALLY  UNASSISTED  LANDINGS  WITH  THE 
DISTRIBUTIONS  OF  SIMILARLY  DIRECTED  INPUTS  OF  SMALL  MALES 
AND  FEMALES  DURING  STRENGTH  ASSESSMENTS 


Force  Distributions  (in  Newtons) 


Force 


Reference 

Values 

In-Flight  Control  Inputs 

Exertion 

Capabil ities 

More 

Experienced 

Less 

Experienced 

As  1 

Males* 

(  Nf/=38  ) 

Femal e  s 
(  N  It  =  5  6  ) 

80 

50 . 9 

35.6 

44 .0 

0 . 0 

3 . 6 

1  0  0 

37.7 

27.1 

32.9 

0 . 0 

7  .  1 

1.  20 

28.8 

20 . 3 

25.0 

0 . 0 

17.9 

1  40 

20  .  4 

15.3 

18.1 

0 . 0 

30 . 4 

1  60 

1  5 . 6 

11.9 

13.9 

5  .  3 

4  6.4 

1  80 

9  .  6 

8.5 

9  .  1 

10.5 

53  .  6 

2  00 

7  .  2 

5  .  1 

6  .  2 

23.7 

6  0.7 

220 

4  .  8 

3  .  4 

4  .  3 

28 . 9 

67.9 

240 

2  .  4 

- . 

1  .  3 

3  1.6 

75.0 

*  Distribution  excludes 

one  value 

u  f 

■  .  2  N  ; 

;  the  next 

three  highe 

values  were 

155.7  N ,  157 

.5  N ,  and 

l  b  > 

5  .  N  . 

N  o  t  e  :  The  values  appearing  in  the  t  a '  are  those  percentages  of  t’nei 

respective  distributions  which  exceed  reference  values  cited. 


The  discrepancy  between  force  ' 
capabilities  for  downward-directed 
substantial.  The  minimum  collective 
capability  cicea  in  Table  21  for  sra > 
This  value  was  exceeded  by  approxiai. 
successive  4  - second  interval  inputs 
aviators  and  by  13  percent  of  the 
aviators  during  their  hydraulics -or: 


ids  and  exertion 
ective  inputs  was  more 
w award  exertion 
males  was  153.7  N . 
i  y  17  percent  <-f  the 
mo r e - e x pe r i e n c e d 
its  of  less-experienced 
approaches  . 


The  results  of  a  similar  comparison  with  the  distribution 
of  force-exertions  for  females  were  considerably  worse.  The 
minimum  force  exertion  by  females  who  were  less  than  167  cm 
’■ail  was  1 5  .  1  N .  This  was  exceeded  by  more  than  55  percent  of 
:nt  more-experienced  pilots  and  38  percent  of  the  less 
experienced  pilots  for  t‘'e  4-second  time-averaged  force  inputs 
during  their  hydraulics  —  off  approaches.  From  the  opposite 


49 


perspective,  18  percent  of  the  females  who  were  less  than  16? 
cm  in  height  could  not  attain  an  exertion  of  120  N  during 
strength  testing.  This  was  exceeded  by  approximately  25 
percent  of  the  4-second  in-flight  force  inputs.  With  the 
exception  of  one  suspect  data  point,  all  males  tested  could 
achieve  this  level  of  exertion.  Table  22  provides  a  more 
comprehensive  appreciation  of  how  much  the  downward-directed 
collective  force  demands  (force  inputs  during  hydraulics-off 
approaches)  exceeded  force  exertion  capabilities. 


ANOV A- RELATED  FINDINGS 

To  simplify  the  discussion  of  ANOV A- re  1  a t ed  findings,  th 
significant  effects  for  each  variable  have  been  summarized  in 
Table  23. 

As  anticipated,  flying  with  hydraulics  off  had  a  robust 
and  reproducible  effect  on  the  amount  of  force  required  for 
flight  control  tasks.  Upward-directed  inputs  on  the 
collective  (mean  "on"  =  23.7  N,  mean  "off"  =  24.1  N)  and  left 
pedal  inputs  (mean  "on"  =  25.4  N,  mean  "off"  =  28.5  N)  were 
not  very  different  with  hydraulics  on  or  off.  For  all  other 
control  inputs  the  hy d r aul i c s - o f f  landings  required  much 
higher  force  inputs.  Forward-directed  cyclic  inputs  nearly 
tripled  and  downward-directed  collective  inputs  were  nearly 
five  times  the  magnitude  of  corresponding  inputs  during 
hydraulics-on  landings.  Right-directed  cyclic  inputs  more 
than  doubled  in  overall  magnitude.  Left-  and  rearward- 
directed  cyclic  inputs  each  increased  by  approximately  50 
percent.  Inputs  to  the  right  pedal  increased  by  70  percent. 

The  interaction  between  hydraulic  condition  and  time-to- 
touchdown  was  both  reproducible  and  consistent.  The 
interaction  and  the  main  effect  of  interval  (i.e., 
t  ime- to- touchdown  )  were  both  highly  significant  (  p  <_  .001  )  in 
forward-  and  left-directed  cyclic  inputs,  upward-directed 
collective  inputs,  and  inputs  to  the  left  pedal.  For  all  t Ik. 
controls  and  directions  cited,  there  was  an  increase  in  input 
forces  as  tirae-to-touchdown  decreased,  particularly  during  th 
hydraulics-off  trials. 

As  reflected  in  Table  23,  the  effects  of  level  of 
experience  are  not  nearly  as  robust  as  those  associated  with 
hydraulics  conditions  and  t i me - t o- t o u c hd o wn  .  If  a  more 
conservative,  experimental  criterion  were  employed  (Kirk 
1968),  the  significance  would  be  even  more  doubtful.  However 
the  existence  of  any  ex pe r i e n c e- r e  1  a t e d  effects  is  somewhat 
surprising  given  (a)  that  even  the  1 e s s- ex pe r i e n c e d  group  has 


had  at  least  175  hours  of  flight  experience,  (b)  the  training 
process  involved  in  becoming  an  Army  aviator  is  not  one  which 
tolerates  substantial  in t e r i nd i v i d ua 1  variability,  and  (c)  the 
demands  posed  by  the  aircraft  itself  and  those  inherent  in  the 
successful  execution  of  simulated  emergency  flight  maneuvers 
are  rigorous  in  themselves.  This  presents  little  opportunity 
for  an  aviator  to  demonstrate  nonstandard  flying  techniques 
without  placing  himself  and  his  copilot  at  risk. 

The  patterns  of  force  inputs  seen  during  the  experiment 
were  not  uniform  in  relation  to  the  aviator's 
1 e v e 1 -o f - expe r  i  e n ce  .  Overall,  the  mean  magnitude  of  the 
resultant  force  applied  to  the  cyclic  and  the  mean  downward 
force  applied  to  the  collective  were  larger  for  the  more 
experienced  aviators.  In  contrast,  larger  force  inputs  were 
made  by  the  less  experienced  aviators  in  the  upward  direction 
on  the  collective,  to  the  left  on  the  cyclic,  and  to  the  left 
pedal.  (There  were  no  right-directed  inputs  by  the  more 
experienced  aviators.)  To  some  extent,  these  results  suggest 
that  the  more  experienced  aviators  were  more  "aggressive'  in 
bringing  down  their  aircraft  for  landing;  however,  the  absence 
of  information  regarding  control  position  during  these 
maneuvers  precludes  further  examination  of  this  issue  and 
makes  any  conclusion  tentative. 

Issues  affecting  the  performance  of  more-  and 
less-experienced  aviators  include  proficiency  and  recentness 
of  training.  If  one  assumes  that  continued  exposure  to  a  task 
yields  greater  skill  and  efficiency  in  flight  performance,  one 
would  expect  the  less  experienced  aviator  to  input  greater 
force  to  the  flight  controls  than  his  more  experienced 
counterpart.  This  would  compensate  for  the  less  experienced 
aviator’s  large  deviations  from  optimum  flight  control. 

While  not  entirely  independent  of  proficiency,  recentness 
of  training  also  may  contribute  to  the  outcome.  The  more 
experienced  aviator  is  more  distant  in  time  from  the  closely 
supervised  flight-school  environment,  and  has  had  a  greater 
opportunity  to  develop  an  empirical  appreciation  of  safe 
flight  envelopes.  He  may  have  adopted  flying  techniques  which 
differ  from  those  taught  in  flight  school.  If  one  assumes  the 
criteria  employed  by  instructor  pilots  is  more  cautious  or 
conservative  than  is  required,  the  recentness  of  training 
factor  might  suggest  more  experienced  aviators  would  input 
greater  forces  than  less  experienced  aviators.  This  could  be 
supported  by  earlier  researchers  (Simmons,  Lees,  and  Kimball 
1978,  p . 2  3 ;  who  performed  in-flight  monitoring  of  more  and 
less  experienced  aviators  during  specified  instrument  flight 
maneuvers.  They  observed  that  the  less-experienced  group 


While  Che  research  cited  above  demonstrates  the 
improvement  in  performance  that  occurs  with  practice,  the 
dependent  variables  employed  did  not  address  force 
requirements.  Reviews  of  s t r e ng t h- re  1  a t ed  literature  (e.g., 
Ayoub  e_t  a_l_.  1981)  cite  literature  which  demonstrates  the 

effectiveness  of  structured  practice  (weight  training)  in 
achieving  greater  force  exertion  capabilities.  Continued 
improvement  in  f o r ce- re  1  a t e d  athletic  events  has  also  been 
demonstrated  to  increase  over  prolonged  periods  of  time  (e.g., 
Singer  1975,  pp.  126-127).  There  is  also  research  which 
examined  the  effect  of  training  on  the  performance  of  gross 
motor  tasks  entailing  some  significant  strength 
requirement;  e.g.,  1 oad- hand  1 i ng  tasks  (Shannon  1  982  ). 

However,  there  is  no  relevant  psychomotor  task  related 
literature  known  to  the  authors  which  has  focused  on  the 
subject's  adjustment  to  escalated  force  requirement  as  a 
function  of  continued  performance  of  the  task. 

The  findings  of  the  present  study  reflect  data  collected 
from  only  one  aircraft,  the  USAARL  JUH-1H.  We  don't  know  it 
the  hydraulics-off  forces  recorded  were  representative  of 
other  UH-1  aircraft  since  there  are  no  previously  published 
studies.  However,  it  is  the  opinion  of  the  laboratory's 
aviators  that  the  forces  which  they  experienced  during  these 
maneuvers  with  the  USAARL  aircraft  were  typical  of  those  they 
have  encountered  in  other  UH-is.  To  determine  if  the  present. 
JUH-1H  findings  are  consistent  with  those  from  other  Army 
UH-lHs  will  require  that  data  be  obtained  from  a 
representative  sample  of  these  aircraft. 


CONCLUSIONS 


The  findings  of  this  study  of  the  effects  of  aviator 
experience  and  hydraulic  assist  condition  on  the  forces 
recorded  during  the  last  60  seconds  of  normal,  fully-assisted 
and  hydraulics-off  approaches  and  landings  support  the 
following  conclusions: 

1.  During  hyd r au 1 i c s-on  approaches  and  landings  the 
input  forces  were  all  less  than  the  control  force  design 
limits  cited  in  MIL-H-8501A  with  the  exception  of 

c o 1 1 e c t i ve- re  1  a t ed  input  forces.  Forces  exerted  on  the 
collective  in  both  the  up  and  down  directions  exceeded  the 
relevant  limits. 

2.  During  hydraulics-on  approaches  and  landings,  the 
required  input  forces  for  controlled  flight  were  all  within 
the  exertion  capabilities  of  the  5th  percentile  Army  male. 
These  results  correlate  with  those  from  an  experiment 
involving  small  Army  males  and  females  (Schopper  and 
Mastroianni,  1985). 

3.  During  hy d r a ul i c s- o f f  approaches  and  landings,  the 
mean,  median,  and  peak  input  forces  recorded  were  all  within 
the  upper  limits  cited  in  MIL-H-8501A  for  all  controls  except 
the  collective.  Mean  and  median  collective  input  parameters 
were  all  within  design  limits.  All  peak  1  second  values 
exceeded  their  respective  MIL-H-8501A  limits  except  the 
maximum  upward  input  performed  by  more  experienced  aviators. 
The  upper  portion  of  the  distribution  of  downward  forces,  in 
particular,  exceeded  both  the  design  limits  and  force  exertion 
capabilities  of  some  Army  females  and  small  males  (females 
more  so  than  males). 


4.  While  statistically  significant  main  effects  and 
interactions  were  encountered  between  more  experienced  and 
less  experienced  aviators,  the  differences  were  of  little 
practical  significance  when  compared  with  present  MIL-H-850IA 
design  limits  and  helicopter  control  force  exertion 
capabilities  of  Army  personnel. 


Because  no  other  relevant  literature  exists,  it  is 
i  how  the  hydraulics-off  forces  recorded  with  this 


laboratory 
aircraft, 
experioient 
experiment 
have  flown 


s  aircraft  compare  with  those  of  other  Army  UH-1 
However,  the  aviator's  who  participated  in  our 
Indicated  that  the  forces  encountered  during  the 
were  not  atypical  of  the  other  UH-ls  which  they 
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Equipment  Manufacturers 


Metraplex  Corporation 
590  Danbury  Road 
Ridgefield,  CT  06877 

Gould  Industries 

(formerly  Systems  Engineering  Laboratories) 
6901  West  Sunrise  Boulevard 
Fort  Lauderdale,  FL  33313 
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Washington,  DC  20310 

Naval  Air  Systems  Command 
Technical  Library  Air  050D 
Rm  278,  Jefferson  Plaza  II 
Department  of  the  Navy 
Washington,  DC  20361 

Naval  Research  Laboratory  Library 
Code  14.33 

Washington,  DC  20375 

Naval  Research  Laboratory  Library 
Shock  St  Vibracion  Information  Center 
Code  5804 

Washington,  DC  20375 

Harry  Diamond  Laboratories 
ATTN:  Tech  Information  Branch 

2800  Powder  Mill  Road 
Adelphi,  MD  20783-1197 

Director 

US  Army  Human  Engineering  Laboratory 
ATTN.-  Technical  Library 
Aberdeen  Proving  Ground,  MD 
21005-5001 

'JS  Army  Materiel  Systems 
Analysis  Agency 
ATTN:  Reports  Processing 

Aberdeen  Proving  Ground,  MD 
21005-5017 

Commander 

US  Array  Test  &  Evaluation  Command 
ATTN:  AMSTE-AD-H 

Aberdeen  Proving  Ground,  MD 
21005-5055 

US  Army  Ordnance  Center 
5r  School  Library 
3 Idg  3071 

Aberdeen  Proving  Ground,  MD 
21005-5201 

Director 

US  Army  Ballistic  Research  Laboratory 
ATTN:  DRXBR-OD-ST  Tech  Reports 

Aberdeen  Proving  Ground,  MD 


US  Army  Environmental  Hvgiene 
Agency  Library 
Bldg  E2100 

Aberdeen  Proving  Ground,  MD  21010 
Commander 

US  Army  Medical  Research  Institute 
of  Chemical  Defense 
ATTN:  SGRD-UV-AO 

Aberdeen  Proving  Ground,  MD 
21010-5425 

Technical  Library 

Chemical  Research  &  Development  Cents 
Aberdeen  Proving  Ground,  MD 
21010-5423 

Commander 

US  army  Medical  Research 
St  Development  Command 
ATTN:  SGRD-RMS  (Mrs.  Madigan) 

Fort  Detrick,  Frederick,  MD 
21701-5012 

Commander 

US  Army  Medical  Research  Institute 
of  Infectious  Diseases 
Fort  Detrick-  Frederick,  MD  21701 

Commander 

US  Army  Medical  Bioengineering 

Research  Si  Development  Laboratory 
ATTN:  SGRD-UBZ-I 

Fort  Detrick,  Frederick,  MI'  21'Cl 
Dr.  R.  Newburgh 

Director,  Biological  Sciences  Divisi 
Office  of  Naval  Research 
600  North  Quincy  Street 
Arlington,  VA  22217 

Defense  Technical  Information  Center 
Cameron  Station 
Alexandria,  VA  22314 

Commander 

US  Army  Materiel  Command 
ATTN:  AMCDE-S  ( CPT  Broadwater) 

5001  Eisenhower  Avenue 
Alexandria,  VA  22333 


G'-' 


US  Armv  Foreign  Science  and 
Technology  Center 
ATTN :  MTZ 

220'  7th  Street; .  NE 
Charlottesville,  VA  22901-5396 

Ccmmandan  t 

US  Army  Aviation  Logistics  School 

ATTN:  ATSQ-TDN 

Fort  Eustis,  VA  23604 

Director,  Applied  Technology  Lab 

USARTL-AVSCOM 

ATTN:  Library,  31dg  401 

Fort  Eustis,  VA  23604 

'JS  Armv  Training  and 
Doctrine  Command 
ATTN:  ATCD-ZX 

’ort  Monroe,  VA  23651 

US  Army  Training  and 
Doctrine  Command 
ATTN:  Surgeon 

Fort  Monroe,  VA  23651-5000 

Structures  Laboratory  Library 
USARTL-AVSCOM 

NASA  Langley  Research  Center 
Mail  Stop  266 
Hampton,  VA  27665 

Aviation  Medicine  Clinic 

TMC  *'*22 ,  SAAF 

Fort  3ragg,  NC  28305 

Naval  Aerospace  Medical 
Institute  Library 
Bldg  1953,  Code  1G2 
Pensacola,  FL  32508 

US  Air  Force  Armament  De\ elcpment 
and  Test  Center 

Eglin  Air  Force  3ase,  FL  32542 

Command  Surgeon 
US  Central  Command 
MacDiil  AF3 ,  FL  33608 

US  Army  Missile  Command 
Redstone  Scientific  Information  Center 
ATTN:  Documents  Section 

Redstone  Arsenal,  AL  35898-5241 
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Air  University  Library 
(AUL/LSE) 

Maxwell  AFB ,  AL  36112 
Commander 

US  Army  Aeromedical  Center 
Fort  Rucker,  AL  36362 

Commander 

US  Army  Aviation  Center  &  Fort  Rucker 

ATTN:  AT2Q-CDR 

Fort  Rucker,  AL  36362 

Directorate  of  Combat  Developments 
Bldg  507 

Fort  Rucker,  AL  36362 

Directorate  of  Training  Development 
Bldg  502 

Fort  Rucker,  AL  36362 
Chief 

Army  Research  Institute  Field  Unit 
Fort  Rucker,  AL  36362 

Chief 

Human  Engineering  Lab3  Field  Unit 
Fort  Rucker,  AL  36362 

Commander 

US  Army  Safety  Center 
Fort  Rucker,  AL  36362 

Commander 

US  Army  Aviation  Center  i  Fort  Rucker 
ATTN:  ATZQ-T-ATL 

Fort  Rucker,  AL  36362 

US  Array  Aircraft  Development 
Test  Activity 
ATTN:  STEBG-MP-QA 

Cairns  AAF,  Ft  Rucker,  AL  36362 

President 

US  Army  Aviation  Board 

Cairns  AAF,  Ft  Rucker,  AL  36362 

US  Army  Research  6  Technology 
Laboratories  (AVSCOM) 

Propulsion  Laboratory  MS  302-2 
NASA  Lewis  Research  Center 
Cleveland,  OH  44135 


AFAMRL.'HEX 

Wright-Pa" terson  AFB,  OH  45433 

US  Air  Force  Institute  of  Technology 
(AFIT/LDEE) 

31dg  640,  Area  ? 

Wright-Patterson  AFB,  OH  45433 

University  of  Michigan 
NASA  Center  of  Excellence 
in  Man-Svsteras  Research 
ATTN:  R.G.  Snyder,  Director 

Ann  Arbor,  MI  48104 

Henry  L.  Taylor 

Director,  Institute  of  Aviation 
Univ  of  Illinois  -  Willard  Airport 
Savoy,  !L  61874 

John  A.  Dellinger,  MS,  ATP 

Univ  of  Illinois  -  Willard  Airport 

Savoy,  IL  61874 

Commander 

US  Army  Aviation  Systems  Command 
ATTN:  DRSAV-WS 

4300  Goodfellow  Blvd 
St  Lou-s.  MO  63120-  1798 

Project  Officer 

Aviation  Life  Support  Equipment 
ATTN:  AMCPO- ALSE 

4300  Goodfellow  Blvd 
St  Louis,  MO  6317.0-1798 

Commande r 

US  Army  Aviation  Systems  Command 
ATTN:  SGRD-UAX-nL  (MAJ  Lacy) 

31dg  105,  4300  Goodfellow  Blvd 
St  Louis,  MO  63120 

Commander 

US  Army  Aviation  Systems  Command 
ATTN:  DRSAV-ED 

4700  Goodfellow  Blvd 
St  Louis,  MO  63120 

US  Army  Aviation  Systems  Command 

Library  6c  Info  Center  Branch 

ATTN:  DRSAV-DIL 

4300  Goodfellow  Blvd 

St  Louis,  MO  63120  62 


Commanding  Officer 

Naval  Biodvnamics  Laboratory 

P.0.  Box  24907 

New  Orleans,  LA  70189 

Federal  Aviation  Administration 
Civil  Aeromedical  Institute 
CAMI  Library  AAC  64D1 
P.0.  Box  25082 
Oklahoma  City,  OK  73125 

US  Army  Field  Artillery  School 
ATTN:  Library 

Snow  Hall,  Room  14 
Fort  Sill,  OK  73503 

Commander 

US  Army  Academy  of  Health  Sciev 

ATTN:  Library 

Fort  Sam  Houston,  TX  78234 

Commander 

US  Army  Health  Services  Command 
ATTN:  HSOP-SO 

Fort  Sam  Houston,  IX  78234-6000 

Commander 

US  Army  Institute  of  Surgical  Re5--' 
ATTN:  SGRD-USM  (Jan  Duke) 

Fort  Sam  Houston,  TX  73  23-4-  j2C" 

Director  of  Professional  Servic: 
AFMSC/GSP 

Brooks  Air  Force  3ase  TX  782  '. 

US  Air  Force  School 
of  Aerospace  Medicine 
Strughold  Aeromedical  Library 
Documents  Section,  USAFSAii/TSK-4 
Brooks  Air  Force  Base,  TX  '8235 

US  Army  Dugwav  Proving  Ground 
Technical  Library 
Bldg  5330 
Dugway,  UT  84022 

Dr.  Diane  Damos 
Department  of  Human  Factors 
ISSM,  USC 

Los  Angeles,  CA  90089-0021 


mossm 


US  Arav  Yuma  Proving  Ground 
Technical  Library 
Yuma,  AZ  85  3b*+ 

US  Arrav  White  Sands  Missile  Range 

Technical  Library  Division 

White  Sands  Missile  Range,  MM  88002 

US  Air  Force  Flight  Test  Center 
Technical  Library,  Stop  238 
Edwards  Air  Force  Base,  CA  93523 

US  Army  Aviation  Engmee- ing 
Flight  Activity 

ATTN:  SAVTE-M  (Tech  Lib)  Stop  217 

Edwards  AFB,  CA  93523-5000 

Commander 
Code  3431 

Naval  Weapons  Center 
China  Lake,  CA  93555 

US  Army  Combat  Developments 
Experimental  Center 
Technical  Information  Center 
Bldg  2925 

Fort  Ord,  CA  93941-5000 

Aeromechanics  Laboratory 
US  Army  Research 

ft  Technical  Laboratories 
Ames  Research  Center,  M/S  215-1 
Moffett  Field,  CA  94035 

Commander 

Letterman  Army  Institute  of  Research 
ATTN:  Medical  Research  Library 

Presidio  of  San  Francisco,  CA  94129 

Sixth  US  Army 
ATTN :  SMA 

Presidio  of  San  Francisco,  CA  94129 
Director 

Naval  Biosciences  Laboratory 
Naval  Supply  Center,  Bldg  844 
Oakland,  CA  94625 


USDAO-AMLO,  US  Embassy 
Box  36 

FPO  New  York  09510 


Canadian  Army  Liaison  Office 
Bldg  602 

Fort  Rucker,  AL  36362 


Netherlands  Army  Liaison  Office 
Staff  Officer,  Aerospace  Medicine  Bldg  602 

RAF  Staff,  British  Embassy  Fort  Rucker,  AL  36362 

3100  Massachusetts  Avenue,  NW 

Washington,  DC  20008  German  Army  Liaison  Office 

Bldg  602 

Canadian  Society  of  Aviation  Medicine  Fort  Rucker,  AL  36362 
c/o  Academy  of  Medicine,  Toronto 

ATTN:  Ms.  Carmen  King  3ritish  Army  Liaison  Office 

288  Bloor  Street  West  Bldg  602 

Toronto,  Ontario  M55  1V8  Fort  Rucker,  AL  36362 

Canadian  Airline  Pilot's  Association  French  Army  Liaison  Office 
MAJ  J.  Soutendam  (Retired)  Bldg  602 

1300  Steeles  Avenue  East  Fort  Rucker,  AL  36362 

3rampton,  Ontario,  L6T  1A2 

Canadian  Forces  Medical  Liaison  Officer 
Canadian  Defence  Liaison  Staff 
2450  Massachusetts  Avenue,  NW 
Washington,  DC  20008 

Commanding  Officer 

404  Squadron  CFB  Greenwood 

Greenwood,  Nova  Scotia  BOP  1N0 

Officer  Commanding 
School  of  Operational 
&  Aerospace  Medicine 
DCIEM,  P.0.  Box  2000 
1133  Sheppard  Avenue  West 
Downsview,  Ontario  M3M  3B9 


National  Defence  Headquarters 
101  Colonel  By  Drive 
ATTN:  DPM 

Ottowa,  Ontario  K1A  0K2 


